Receiied Decemlber 16, 1968. Abstract. The effect of pH on the hydrolysis of a-N-benzoyl-L-arginine ethyl ester (BAEE) and a-N-benzoyl-L-argininamide (BAA) by a proteolytic enzyme component purified from Ficus carica var. Kadota latex has been studied in detail over the pH range of 3 to 9.5. keat(lim) values for the hydrolysis of BAEE and BAA were essentially identical (5.20 and 5.01 sec-, respectively at 30°). kcat values for hydrolysis of BAEE and BAA were dependent on prototropic groups with apparent pK values of 4.24 and 8.53 and 4.10 and 8.59, respectively. kcat (lim) values for tht hydrolysis of BAEE and BAA were essentially identical (5.20 and groups of pK 4.33 and 8.60 and 4.55 and 8.51, respectively. Thus the pH optimum is 6.5 for both substrates. Km(app) values for BAEE and BAA were 3.32 X10-2 M and 6.03 X 10-2 M respectively over the pH range of 3.9 to 8.0. These data are interpreted in terms of the involvement of a carboxyl and a sulfhydryl group in the active center of the enzyme. Te data do not support the concept that deacylation of the acyl-enzyme is completely the rate controlling step in the hydrolyses. Rather, it appears that the magnitude of k., and k:iare not greatly different.
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The 2 plant proteolytic enzynmes, papain and ficin.
have a number of similar properties (28) . These include substrate specificity, inhibition by sulfhvdryl reagents, molecular size. amino acid sequence arouind the essential stulfhydrvl group, isoelectric point. and heat stability. Therefore, papain and ficin may be considered as homologs even though the genera from which they are obtained, Carica anid Ficuis, are not closely related botanically (8) . Carica belongs to the order of Cucurbitales while Ficuis belongs to the order of Urticales.
Most of the definitive work on these enzymes have been carried out with papain because it can be obtained readily in a crystalline state (10) and appears to be reasonably homogeneous (4, 29, 33 (14) and have done extensive kinetic work on the enzyme (10, 26, 27, 30, 32 30 .0°by circulating water from a thermiostatically-controlled water bath through the water jacket of the reaction vessel. All reactions were carried out under nitrogen (CO,-free and saturated with water). At pH 8.5 and above, the observed initial rates were corrected for non-enzyme-catalvzed hydrolysis. Below pH 5.5 the incomplete ionization of the product, a-N-Jbenzoyl-L-arginine (BA), was corrected for by use of pK 3.24 for BA (35) . The reaction mixture contain-ed 0.01 M buffer, 0.001 M Versene, 0.005 M cysteine, varia(ble amounts of substrate and 3.14 X 10-6 M enzyme in a total volume of 3 ml. Sufficient KCI was included to give a final ionic strength of 0.3 in all cases. Acetate buffer Nvas used from pH 3.0 to 5.4, phosphate from pH 5.7 to 8.3 and borate from pH 8.6 to 9.5. After thernmal and pH equilibration of the solution, the reaction was initiated by addition of a small aliquot of enzyme. The pH was maintained constant by addition of standardized 0.1 N NaOH.
Initial rates of hydrolysis of BAA were determined by the photometric ninhydrin method (19 
Results and Discussion
The effect of pH on the rate of hydrolysis of BAEE and BAA by ficin is shown in Fig. 1 (35) .
There are no compelling reasons to believe this is not the case for ficin. The effect of pH on k,,t is identical for the hydrolysis of BAEE and BAA (Fig. 3) tial contribution from an electrophilic component in ficin-catalyzed reactions or that the reactivity of a nucleophilic sulfhydryl group toward esters and amides is essentially identical. If the latter case is true the nucleophilic attack of a sulfhydryl group on ethyl ester-amide pairs l)roduces quite different results than the nucleophilic attack on such a pair by hydroxide ion. In the case of hydroxide ion-catalyzed hydrolysis reactivity of the ester is a thousandfold faster than the amide. The same conclusions have been suggested in the case of papain-catalyzed hydrolyses (35) .
The effect of pH on k,at/K,t(app) (which k9/K,) for hydrolysis of BAEE and BAA by ficin reported here is essentially identical to that reported previously (5). Hammond and Gutfreund reported apparent pK values of 4.40 and 8.46 for the prototropic groups involved in the ficin-catalvzed hydrolysis of BAEE at 250. For papain-and bromelaincatalyzed hydrolyses of BAEE the apparent pK values of the prototropic groups are 4.29 and 8.49 (35) and 4.2 and 9.0 (9), respectively at 25°. Since the effect of pH on kcat/Kni(app) reflects the influence of pH on the ionization of es.sential groups in the active center of the free enzyme (20) , one must conclude that the same ionizable groups are found in the active center of all these enzymes.
These groups are thought to he a carboxyl groul) and a sulfhydryl group on the basis of pH dependencies, heats for ionization (30) , and chemical inhibition studies (7, 36) . It was found that the rates of alkylation of ficin with chloroacetamide and of papain with chloromethyl ketones were dependent upoln a group with pK 8.55 at 250 (7) and 8.90 at 00 (36) , respectively. Further, the essential sulfhvdryl group of the enzymes was alkylated in the reactions. 8.5 one functions in the acidic form and the other in the basic form. However, one cannot distinguish, from the kinetic data presented here, which is the base and which is the acid. With papain, it has been concluded that the base is the carboxyl group; thus the sulfhydryl group must he the acid (35) . Such a conclusion would also account for the postulated substantial electrophilic nature of ficin-and papain-catalyzed hydrolyses. This would also account for the difference in pH-rate profiles for the hydrolysis of BAEE and BAA as compared with alkylation of the essential sulfhydryl group of these enzymes with chloroacetamide and chloromethyl ketones (7,, 36) . In the first case the rate of the reaction decreases as the pH is increased above pH 7 while in the latter case the rate is increased. If this is the correct interpretation the sulfhydryl group of ficin and papain functions as an electrophile in acylation reactions (substrate hydrolysis) and as a nucleophile in alkylation reactions.
Km(app) for the ficin-catalyzed hydrolvsis of BAA appears to be independent of pH over the range of 3.0 to 9.5. On the other hand, Km(apP) for the ficin-catalyzed hydrolysis of BAEE appears to decrease below pH 3.9 and above 8.0. These results are in marked contrast to those reported for the papain-catalyzed hydrolysis of BAEE and BAA (35) , since Km(app) increased markedly at pH values below pH 4.5. The marked increase in Km(app) for papain-catalyzed hydrolysis of BAEE and BAA has not been satisfactorily explained (35) .
Km'(app) values of 3.32 X 10-2 M and 6.03 X 10-2 M for BAEE and BAA, respectively at 300 are in agreement with the values of 2.5 X 10-2 M and 4.8 X 10-2 M reported previously at 250 (5). The ratio of K!(appt) values for BAA to BAEE was also found to be about 2 for papain (35) . pointing up once again the parallelism between the active centers of these 2 enzymes.
It is interesting and encouraging that the results reported here on a pure ficin component isolated from Ficuts carica var. Kadota latex are essentially identical to those reported earlier (2, 5) for a preparation from Ficus glabrata latex which was later shown to contain at least 9 proteolvtically active components (21) (14) .
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